The purpose of this communication is twofold. It is to draw attention to the physiological importance of iron other than that functioning in haemoglobin; secondly, to refer to some of the other activities which may be ascribed to body iron. Only a few points can be mentioned and, for a fuller account of iron metabolism and iron deficiency anmmia in human practice, the review by Davidson (1960) serves as a most excellent survey.
The current understanding of iron absorption, transport and storage in the human is largely based on animal experiments. Fortunately the physiological sequence in man and the higher mammals appears to be sufficiently similar to permit direct comparison though there is one major discrepancy: iron deficiency, as routinely expressed by low hamoglobin levels, is very uncommon among adult animals and yet is common in the human female. Indeed, except for stock reared on iron-deficient soil, such as cattle developing Florida salt sickness, or deliberately deprived of iron as are the intensively milk-fed Dutch veal calves, or reared in artificial surroundings to produce piglet anemia, naturally available iron is so abundant that its lack apparently presents no problem in animal husbandry. The paradox is the relatively frequent deficiency in the adult human female whose body iron economy is precarious because of the coincidence of artificial dietary convention and regular menstrual loss.
The usual assessment of iron deficiency, by reference to hemoglobin concentration in the circulating red cell, remains entirely valid, but it is now clinically apparent that not all iron lack is so expressed -the possibility exists of a significant body deficit with a normal or near normal circulating hemoglobin concentration. Such cases in human clinical practice show some of the symptoms of iron deprivation and are cured by its exhibition: the possibility may exist of a similar situation in animals, hitherto ignored because a finding of a normal hmemoglobin seemed to preclude any such state.
The iron absorptive mechanism in animals and man is relatively inefficient for only some 10 % of dietary iron is assimilated in the normal state. This may, however, increase as much as threefold, if the subject is avid as a result of severe depletion.
By inference it is calculated that the 70 kg human possesses some 5 g of elemental iron in his body distributed as 3 g in circulating hwmoglobin, 1 g in myoglobin and the various iron-dependent respiratory enzymes and 1 g as ferric-protein complexes in store or in transit within the plasma: an adult male requires to absorb some 1-25 mg daily to maintain equilibrium, whereas the menstrual loss of the female doubles her requirement so that she will need a total of 20-25 mg of dietary iron to allow for actual assinilation of 2 5 mg iron per diem. In Fig 2 is de.picted the currently accepted cycle in the human adult, with three clinical syndromes in which the normal sequence is altered shown in stippled frames. The bulk of the iron circulating, amounting to some 20-25 mg per.day, is derived from the normal breakdown of about 0-8-1 % of the total red cell mass and this characterizes the closed-circuit economy by which. iron is continually re-utilized. To this is added a small increment from myoglobin catabolism and ironcontaining enzyme degradation. A second component of this cycle is the release of intracellular 'storage' iron present as ferric protein complexes: it is a reasonable presumption that this maintains equilibrium and is capable of making good any temporary deficiency. Thirdly, there is. the small dietary intake of some 1-2*5 mg daily to balance the minimal loss by 'wear-and-tear'. At every point in this cycle where ionic iron crosses a cell membrane, valence change is presumed: within. the cell and in the plasma, iron in transit is in the ferric form.
Clinical Notes
The dominant role in human iron metabolism played by ,hmoglobin has tended to overshadow the equally vital functions -of the iron-dependent enzyme systems. Thus, in clinical practice, iron deficiency has become synonymous with hemoglobin deficiency and has been expressed solely in terms of anemia, and the possibility of iron deficiency existing without a demonstrable drop in hemoglob,in concentration and without anemia has been overlooked. There is now, however, Greig (1898) observed that the female salmon takes no food when swimming back to the spawning ground; this considerable period covers the production of eggs which contain a total of elemental iron greater than the estimated stores of the fish and he suggested that myoglobin stocks were also utilized as the ha!moglobin level did not appear to fluctuate.
The other forms of body iron are also presumed to be freely labile. Apart from iron actually present in certain enzyme molecules, it may also be an essential component of co-factors to non-iron enzymes (Dickman & Cloutier 1950 ) and many apparently unrelated enzyme systems can thus be rendered inefficient by its absence. The parts played by the ferric-protein complexes, ferritin, hemosiderin, and transferrin, have yet to be completely assessed. Ferritin, which is ordinarily present as both an intracellular transport complex and as a storage molecule, may exist in more than one form. This metal protein complex carries iron in the ferric form: in the duodenal mucosa and in the cells of the reticulo-endothelial system, its presence is transitory and the iron swiftly transferred to the plasma. On the other hand, in the areas regarded as 'stores', notably the liver, apparently identical molecules must hold ferric ions for considerable periods. These remain in solution and are still readily available, or may aggregate to form the intracellular granules of hkmosiderin. The latter is probably inert, although it is apparently possible for iron in this form to re-enter the circulation as a result of deliberate iron deprivation.
It seems better to abandon the term 'storage' iron and to consider that iron which is not actively in use for oxidation-reduction systems constitutes a 'labile pool' (Greenberg & Wintrobe 1946) . The ferritin molecule has now been visualized by electron microscopy and apparently comprises four constituent iron containing groups linked to protein. Apart from its storage function and the postulated carrier mechanism in mucosal and reticulo-endothelial cells, ferritin has specific physiological powers (Mazur et al. 1955) . It is a vaso-depressant, inhibiting vasoconstriction, possesses some anti-diuretic action and serves as an intermediary in normal adrenaline metabolism. The studies of Shorr (1955) would suggest that its release in certain forms of surgical shock associated with liver hypoxia is of physiological significance in the body defence mechanisms, but we are still ignorant of how or why this molecule takes part in reactive states.
If one can conceive that iron in ferritin form is able to undertake specific functions and if the presence of a 'labile pool' can be accepted, then it may well be so that ferritin is not a single entity. There may be a constant dynamic interchange of iron to and from the various enzyme systems. For many years it has been a physiological axiom that such systems are 'inviolate' (Hahn & Whipple 1936) and that the natural economy cannot permit interference with or deprivation of such fundamental processes. This may not be true for there is no specific evidence to support such a concept: it has been shown to the contrary in experiments with rats fed iron deficient diets and subsequently bled, that the decline in haemoglobin is equalled and even exceeded by a drop in the liver cytochrome C concentration (Beutler 1957 It is difficult to believe that alteration in enzyme requirements, which are so slight in comparison to that of haemoglobin, could be sufficient to alter the status quo, yet this might occur if the body were to overcompensate by specifically denying one form of ferritin utilization; it is relevant, in this context, to note that during anemia of infection the reduced hemoglobin synthesis is typically associated with a low plasma iron level and a poor response to oral therapy. Yet intravenously administered iron is rapidly cleared from the plasma and, by inference, immediately taken into the ferritin complex, without increasing the heemoglobin concentration.
Summary
An attempt has been made in this brief survey to stress that iron metabolism is involved in vital systems in addition to that responsible for hmmoglobin synthesis. These may receive some sort of preferential allocation so that any decrease in the circulating level of heemoglobin can be taken as a direct indication of a parallel decline in supplies of iron for enzyme or co-factor activity. This is not always the case for, contrary to commonly accepted tenets, the iron-dependent enzymes may become deficient or ineffectual despite a normal hemoglobin level: this may account for certain ill-defined subjective symptoms displayed by patients, usually women, who are not anemic yet have a low plasma transferrin level. Their symptoms are readily corrected by the intravenous administration of iron.
Reference is made to the other properties of ferritin, commonly regarded as a storage molecule but probably existing in many forms possessing independent physiological significance. As iron metabolism in domestic animals appears to be closely similar to that in humans, an analogous situation may obtain. Iron deficiency might exist without tell-tale anemia, a circumstance of possible relevance in those animals at risk, such as the laying hen or breeding sow, where a considerable iron through-put is inevitable.
